Interaction energies were calculated using the INTE module of CHARMM. Nonbonded interaction energies were calculated by taking the sum of van der Waals and electrostatic energy terms between the flipping unit (the full flipped nucleoside as well as the 5'-and 3'-sugars with their phosphodiester linkers) and the rest of the DNA, as well as the flipping unit with the aqueous solution. The total change in nonbonded energy, ΔE nb , between the WC and fully flipped states was taken as the difference between the energies at φ = 180° and the minimum of the PMF profiles (15° for A, T, and G; 10° for C). ΔE nb was computed as follows: 
. Definition of the pseudodihedral angle for thymine flipping. (A) Illustration of the atoms used for the four selections (top, non-hydrogen atoms only) and how the resulting center-of-mass (COM) positions mapped back to the DNA double helix (bottom). (B) The minor and major grooves are illustrated in relationship to the four groups defining the pseudodihedral. 
